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SOUNDING REFERENCE SIGNAL
TRANSMISSION METHOD, BASE STATION,
AND USER EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 371 U.S. National State of Interna-

tional Application No. PCT/CN2018/091434, filed on Jun.
15, 2018, which claims priority to Chinese Application No.
201710454045.X, filed on Jun. 13, 2017. The entire disclo-
sures of the above applications are incorporated herein by
reference.

TECHNICAL FIELD

The present application relates to a field of communica-
tion technologies, and 1n particular, to a sounding reference
signal transmission method, a base station, and a user
equipment.

BACKGROUND

In the data transmission process ol a wireless network,
sounding reference signal (SRS) 1s a signal that a UE
transmits to a base station to measure channel state and carry
out channel estimation. Specifically, the UE transmits an
uplink SRS according to an indication of the base station,
and the base station judges uplink channel state information
of the UE according to the received SRS, and carries out
corresponding frequency domain selection scheduling,
power control, and the like according to the obtained chan-
nel state information.

On the other hand, with the continuous development of
wireless communication technologies, different types of
UEs have been proposed. For example, 1n a SG communi-
cation system, a UE that uses a wide bandwidth for data
transmission 1s proposed. Compared with a conventional
UE, the UE that uses a wide bandwidth for data transmission
has advantages such as faster data transmission speed and
the like. In the conventional SRS configuration method, the
base station needs to configure the transmission resources of
a plurality of UEs that need to transmit SRS 1n one time-
frequency resource unit, so that the SRSs of the plurality of
UEs are orthogonal. However, the number of SRS ports used
to transmit SRS si1gnals 1s limited and the requirement of the
5G commumnication system cannot be met.

SUMMARY OF THE INVENTION

According to embodiments of the present invention, it 1s
desirable to be able to support more SRS ports with limited
channel resources to further improve the capacity of the
SRS.

According to one aspect of the present invention, a
sounding reference signal (SRS) transmission method 1s
provided, which 1s performed by a base station, comprising;:
generating SRS configuration information of for at least two
UEs, such that an SRS of a first type of UEs of the at least
two UEs 1s non-orthogonal with an SRS of a second type of
UEs of the at least two UEs; transmitting the SRS configu-
ration imnformation of the at least two UEs.

According to another aspect of the present invention, a
sounding reference signal (SRS) transmission method 1s
provided, which 1s performed by a user equipment (UE),
comprising: receiving SRS configuration information trans-
mitted by a base station; obtaining an SRS configuration of
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the UE from the SRS configuration information, wherein an
SRS of the UE 1s non-orthogonal with SRSs of other UEs;
transmitting the SRS of the UE according to the SRS
configuration information.

According to another aspect of the present invention, a
sounding reference signal (SRS) transmission method 1s
provided, which 1s performed by a user equipment (UE),
comprising: receiving SRS configuration information trans-
mitted by a base station, the SRS configuration information
including information about basic blocks included 1n an SRS
of the UE; transmitting the SRS of the UE according to the
SRS configuration information.

According to still another aspect of the present invention,
a base station 1s provided, comprising: a generating unit,
configured to generate SRS configuration information for at
least two UEs, such that an SRS of a first type of UE of the
at least two UEs 1s non-orthogonal with an SRS of a second
type ol UE of the at least two UEs; a transmitting unait,
configured to transmit the SRS configuration information of
the at least two UEs.

According to a further aspect of the present invention, a
user equipment (UE) 1s provided, comprising: a receiving
umt, configured to receive SRS configuration information
transmitted by the base station; an obtaiming unit, configured
to obtain an SRS configuration of the UE from the SRS
configuration information, wherein an SRS of the UE 1s
non-orthogonal with SRSs of other UEs; a transmitting unat,
configured to transmit the SRS of the UE according to the
SRS configuration information.

According to still another aspect of the present invention,
a user equipment (UE) 1s provided, comprising: a receiving
unit, configured to receive SRS configuration information
transmitted by a base station, the SRS configuration infor-
mation including information about basic blocks included in
an SRS of the UE; a transmitting unit, configured to transmut
the SRS of the UE according to the SRS configuration
information.

With the SRS transmission method, base station and user
equipment according to the above aspect of the present
invention, the SRS reference signal sequence of at least two
UEs may be configured to be non-orthogonal, so that more
UEs may be allowed to transmit SRS for channel measure-
ment with given channel resources, thereby eflectively
improving the capacity of the SRS.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent by describ-
ing the embodiments of the present invention in detail 1n
conjunction with the drawings.

FIG. 1 shows a schematic diagram of a frame structure 1n
a communication system according to one example of the
present 1nvention;

FIG. 2 shows one example of a frequency domain trans-
mission distribution of SRSs of diflerent UEs;

FIG. 3 shows another example of a frequency domain
transmission distribution of SRSs of difterent UEs;

FIG. 4 shows a flowchart of an SRS transmission method
according to an embodiment of the present invention;

FIG. 5 shows a schematic diagram of a SRS reference
signal sequence configuration of an SRS of a first type of
UEs and a second type of UEs;

FIG. 6 shows a schematic diagram of a SRS reference
signal sequence configuration with two first type of UEs and
three second type of UEs, respectively;
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FIG. 7 shows an example of achieving a non-orthogonal
SRS configuration of a UE of two block structures with

different comb numbers;

FIG. 8 shows a tlowchart of an SRS transmission method
according to another embodiment of the present invention;

FIG. 9 shows a flowchart of an SRS transmission method
according to another embodiment of the present invention;

FIG. 10 shows a block diagram of a structure of a base
station according to one embodiment of the present inven-
tion;

FIG. 11 shows a block diagram of a structure of a U
according to one embodiment of the present invention;

FIG. 12 shows a block diagram of a structure of a U.
according to another embodiment of the present invention;

FIG. 13 shows a diagram of an example of a hardware
configuration of a base station or a UE according to one
embodiment of the present invention.

(L]

[T]

DESCRIPTION OF TH.

L1l

EMBODIMENTS

An SRS transmission method, a base station, and a user
equipment according to embodiments of the present inven-
tion will be described below with reference to the drawings.
In the drawings, the same reference numerals always refer to
the same elements. It should be understood that the embodi-
ments described herein are illustrative only and are not
intended to limit the scope of the present invention.

In a wireless system according to the embodiments of the
present invention, a sounding reference signal (SRS) trans-
mitted by the UE 1n the uplink may enable the base station
to estimate an uplink channel quality of different frequency
bands, so as to measure and/or monitor the channel. FIG. 1
shows a schematic diagram of a frame structure 1 a com-
munication system according to one example of the present
invention. One frame 1s composed of a plurality of time
slots, and each time slot contains 7 or 14 symbols. In the
frame structure shown in FIG. 1, the sounding reference
signal SRS will be transmitted on the last one or more (e.g.,
2 or 4) symbols of the 14 symbols of time slot N.

In existing communication systems, SRSs between dif-
terent UEs may all be considered to be transmitted on a same
resource block (RB) set of a same subirame. Under this
premise, 1n order to 1mprove an accuracy of channel esti-
mation and ensure a precision of channel measurement,
reference signal sequences of SRSs between different UEs
may be distinguished with different “combs™ 1n a frequency
domain based on interleaved frequency-division multiple-
access (IFDMA). FIG. 2 shows one example of a frequency
domain transmission distribution of SRSs of different UEs
on an OFDM symbol 1n FIG. 1. Shaded hatched portions
show subcarriers for SRS transmission of a certain UE, and
dotted shaded portions show subcarriers for SRS transmis-
sion ol another UE. That 1s to say, the reference signal
sequences of the SRSs of the two UEs are mapped every
other subcarrier, thereby forming a “comb” spectrum, and at
this time, the comb numbers of the SRSs of the two UEs are
both 2. FIG. 3 shows another example of the frequency
domain transmission distribution of the SRSs of different
UEs on the OFDM symbols 1n FIG. 1. Four kinds of shades
from top to bottom respectively show four different subcar-
riers for SRS transmission of four UEs, and also form a
“comb” spectrum. At this time, the comb numbers of the
SRSs of the four UEs are all 4. In the above examples of
FIG. 2 and FIG. 3, regardless of whether the comb number
1s 2 or 4, the reference signal sequences of the SRSs between
different UEs are completely non-overlapping in the fre-
quency domain, that 1s, completely orthogonal, and the
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signals transmitted by the reference signal sequences of the
UEs are independent and do not interfere with each other.

Although the transmission distribution of the SRSs of
different UEs 1n the frequency domain shown 1n FIG. 2 and
FIG. 3 may ensure the accuracy of the channel estimation,
it has a large limitation on the capacity of the SRS. In 5G
new radio technologies, it 1s desirable to be able to support
more antenna ports on the UE side, which requires more
SRS resources to allow more UEs to transmit SRS for
channel measurements. Therefore, inventors of the present
application consider using non-orthogonal SRS reference
signal sequences between different UEs to improve the
capacity of the SRS.

Specifically, the embodiments of the present invention
provide a sounding reference signal transmission method,
which 1s performed by a base station. FIG. 4 shows a
flowchart of an SRS transmission method 400 according to
the embodiments of the present invention.

As described in FIG. 4, 1 step S401, SRS configuration
information of at least two UEs 1s generated, such that an
SRS of a first type of UE of the at least two UEs 1s
non-orthogonal with an SRS of a second type of UE of the
at least two UEs.

In one embodiment of the present invention, the at least
two UEs may include at least one first type of UE and at least
one second type of UE. In addition, the SRS of the first type
of UE of the at least two UEs being non-orthogonal with the
SRS of the second type of UE of the at least two UEs may
include that the SRS of the first type of UE and the SRS of
the second type of UE are partially orthogonal, that is,
subcarriers that transmit the SRS of the first type of UE and
the SRS of the second type of UE may partially overlap,
thereby improving the SRS capacity.

In one embodiment of the present invention, a bandwidth
of the SRS of the first type of UE 1s greater than a bandwidth
of the SRS of the second type of UE. That 1s, the SRS of the
first type of UE may be a wideband SRS, and the SRS of the
second type of UE may be a narrowband SRS. The wideband
and narrowband 1n the embodiments of the present invention
are relative concepts. For example, a preset threshold may
be used to distinguish between a wideband SRS and a
narrowband SRS, that 1s, an SRS whose bandwidth 1s greater
than the preset threshold 1s treated as the wideband SRS, and
an SRS whose bandwidth 1s less than or equal to the preset
threshold 1s treated as the narrowband SRS. In another
embodiment of the present invention, the bandwidth of the
wideband SRS may be a multiple of the bandwidth of the
narrowband SRS, for example, the bandwidth of the wide-
band SRS may be twice or four times the bandwidth of the
narrowband SRS.

In another embodiment of the present invention, the
non-orthogonality between the reference signal sequences of
the SRS of the first type of UE and the second type of UE
may be implemented by setting the comb number of the SRS
of the first type of UE to be diflerent from the comb number
of the SRS of the second type of UE. FIG. 5 shows an
example of a comb number setting of the SRS of the first
type of UE (UE1) and the SRS of the second type of UE
(UE2). As shown in FIG. §, the comb number of the SRS of
the first type of UE may be set to 2, and the comb number
of the second type of UE may be set to 3. At thus time, the
same subcarrier on the same time-frequency resource unit
may not only be used to transmit the SRS of the first type of
UE, but also be used to transmit the SRS of the second type
of U_ In this case, the SRS of the first type of UE and the
SRS of the second type of UE are not completely orthogo-
nal. Alternatively, the comb number of the SRS of the first




US 11,228,463 B2

S

type of UE and the comb number of the SRS of the second
type of UE may be relatively prime, such that not all
subcarriers simultaneously carry the SRS of the first type of
UE and the second type of UE, but there may be subcarriers
that carry the SRS of the first type of UE and the SRS of the
second type of UE, respectively, so as to achieve interfer-
ence randomization processing between the SRSs of difler-
ent UEs, which 1s beneficial to the facilitation of accuracy of
the subsequent channel estimation of the SRS of each UE by
the base station. For example, the comb number of the SRS
of the first type of UE may take a value of 3 or 5 and so on,

and the comb number of the SRS of the second type of UE
may take a value of 2 or 4 and so on, which 1s relatively
prime with the value of 3 or 5.

In another embodiment of the present invention, when
there are a plurality of first type of UEs, the SRSs of the
respective first type of UEs may be orthogonal to each other.
In addition, when there are a plurality of second type of UEs,
the SRSs of the UEs of the second type may also be
orthogonal to each other. FIG. 6 shows a schematic diagram
of an SRS configuration with two first type of UEs (UEI,
UE3) and three second type of UEs (UE2, UE4, UES),
respectively. The comb numbers of UE1 and UE3 are both
3, and the comb numbers of UE2 and UE4 are both 2, and
the comb number of UES 15 4. It can be seen from FIG. 6 that
the two wideband SRSs of UE1 and UE3 are orthogonal to
cach other, and the three narrowband SRSs of UE2, UE4 and
UES are also orthogonal to each other, respectlvely How-
ever, the two groups of SRS of the wideband UEs (UEIL,
U_J3) and the narrowband UEs (UE2, UE4, UES) are
pairwise non-orthogonal, and there are subcarriers that carry
any two SRSs 1n the two groups on the frequency domain at
the same time.

The embodiments in which the SRSs of UEs with difler-
ent bandwidths are configured by different comb numbers to
implement non-orthogonal SRSs between different UEs are
illustrated with FIG. 5 and FIG. 6 above. In the above
example, the configuration information of the SRS config-
ured by the base station may include information such as a
bandwidth of the SRS and/or an interval information indi-
cating the comb number. In one embodiment of the present
invention, the bandwidth of the SRS may be represented
with time-frequency resource units, where the time-fre-
quency resource unit may be a given time-frequency
resource with preset defimtion. Alternatively, one time-
frequency resource unit may be one or more resource blocks
(RBs) 1n the L'TE system or NR. After the UE receives the
SRS configuration mformation transmitted by the base sta-
tion, the SRS may be transmitted according to the configured
corresponding SRS reference signal sequence. The base
station may transmit the SRS configuration information
through higher layer signaling (such as RRC, MAC CE) or
physical layer signaling (lower layer control information). In
another embodiment of the present invention, the base
station may select a configuration manner of the SRS
reference signal sequence according to the SRS bandwidth
type of the UE. For example, for narrowband SRS, the base
station may select a shorter root sequence to configure the
SRS, for example, a ZC (Zadofl-Chu) sequence of length 31
used i LTE may be selected; and for wideband SRS, the
base station may select a longer root sequence, for example,
a /ZC sequence of length 61, to configure the SRS. The
actually transmitted sequence may be obtained by cyclic
shifting (CS) based on the ZC sequence of the above length.

In another embodiment of the present invention, the SRS
of the UE configured by the base station may be a periodic
SRS or an aperiodic SRS. When the SRS 1s the periodic
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SRS, the SRS configuration information may further include
information such as a transmitting period of the SRS. When
the SRS 1s the aperiodic SRS, the base station will trigger the
SRS transmission through the physical downlink control
channel PDCCH. After the triggering by the base station, the
corresponding UE transmits the SRS only once.

In another embodiment of the present invention, when the
basic unit 1n the frequency domain transmitted by the SRS
of the UE 1s a basic block, the base station may generate,
according to the information of the basic block, SRS con-
figuration information of any one or more UEs of the at least
two UEs. The bandwidth information in the SRS configu-
ration information configured by the base station may
include the imnformation of the basic block included 1n the
SRS, and specifically may be a length of the basic block and
the number of basic blocks. Then, the base station may
determine the SRS reference signal sequences of the corre-
sponding one or more UEs according to the determined
length of the basic block and the number of basic blocks. For
example, the base station may self-configure the SRS rei-
erence signal sequence of the UE according to the length and
the number of the basic block(s), and notily the UE. Alter-
natively, the UE may directly transmit the SRS according to
the preset sequence configuration corresponding to the
length and the number of the basic block(s). The length
information of the basic block or the configuration of the
preset SRS reference 81gnal sequence may be notified to the
UE by the base station in advance, or may be written 1n a
standard or transmitted with a signaling. When a length type
of the basic block has been preset 1n the SRS configuration,
an 1nstruction corresponding one to one to the length type of
the basic block (such as the configuration ID) needs to be
used to indicate the length of the basic block.

When the basic structural unit of the transmission of the
SRS 1n the frequency domain 1s the basic block, similar to
the foregoing, the at least two UEs may also include at least
one first type of UE and at least one second type of UE, and
the bandwidth of the SRS of the first type of UE 1s greater
than the bandwidth of the SRS of the second type of UE.
That 1s, the SRS of the first type of UE may be a wideband
SRS, and the SRS of the second type of UE may be a
narrowband SRS. The wideband and narrowband in the
embodiments of the present invention are relative concepts.
For example, a preset threshold may be used to distinguish
between a wideband SRS and a narrowband SRS, that 1s, an
SRS whose bandwidth 1s greater than the preset threshold 1s
treated as the wideband SRS, and an SRS whose bandwidth
1s less than or equal to the preset threshold 1s treated as the
narrowband SRS. In another embodiment of the present
invention, the bandwidth of the wideband SRS may be a
multiple of the bandwidth of the narrowband SRS, for
example, the bandwidth of the wideband SRS may be twice
or four times the bandwidth of the narrowband SRS. The
basic block used to configure the SRS of the first type of UE
may be a first basic block, and the basic block used to
configure the SRS of the second type of UE may be a second
basic block.

In another embodiment of the present invention, when the
basic structural unit of the transmission of the SRS 1n the
frequency domain 1s the basic block, the SRS transmission
sequence ol each basic block may be constructed based on
a ZC sequence of a given length, for example, the ZC
sequence of length 31. The SRS transmission sequence on
cach basis block may be obtained by cyclic shifting the ZC
sequence.

In another embodiment of the present invention, the
length of the basic block may be the same as or different
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from the length of the time-frequency resource unit. For
example, the length of one basic block may include one or
more time-frequency resource units. Of course, the length of
the basic block may be the same as or different from the
resource block (RB). For example, one basic block may be
one RB, or may be an integer multiple of RB. In one
embodiment of the present invention, only the SRS configu-
ration information of the first type of UE may be generated
according to the information of the basic block; or the SRS
configuration information of the second type of UE may be
generated according to the information of the basic block. Of
course, 1n another embodiment of the present invention, the
SRS configuration information of the first type of UE and the
second type of UE may be generated according to the same
as or different basic block information, respectively. In
another embodiment of the present invention, when the SRS
of the first type of UE and the SRS of the second type of UE
are both configured according to the basic block, the length
of the first basic block used to configure the SRS of the first
type ol UE may be the same as or different from the length
of the second basic block used to configure the SRS of the
second type of UE. In addition, the number of the first basic
block may be the same as or different from the number of the
second basic block. Moreover, in another embodiment of the
present invention, regardless of whether the length and/or
the number of the first basic block and the second basic
block are the same or different, the Non-orthogonal SRS of
the first type of UEs and the second type of UEs all may be
realized with the different comb numbers described above.

FIG. 7 shows an example of achieving a non-orthogonal
SRS configuration of the first type of UE and the second type
of UE with different comb numbers when the length of the
first basis block for configuring the SRS of the first type of
UE (UE6) 1s different from the second basis block for
configuring the SRS of the second type of UE (UE7), but the
number of the first basis block for configuring the SRS of the
first type of UE (UE®6) 1s the same as the second basis block
tor configuring the SRS of the second type of UE (UE7). The
length of the first basic block for configuring the UE6 1s
twice the length of the second basic block for configuring the
UE7, the comb number of the UE6 1s 3, and the comb
number of the UE7 1s 2. In the embodlment shown 1n FIG.
7, the length of the second basic block for configuring the
UE7 may be 1 RB. Accordingly, the length of the first basic
block for configuring the UE6 may be 2 RBs. Alternatively,
the comb number of the SRS of the first type of UE and the
comb number of the SRS of the second type of UE may be
relatively prime, such that not all subcarriers simultaneously
carry the SRS of the first type of UE and the second type of
UE, but there may be subcarriers that carry the SRS of the
first type of UE and the SRS of the second type of UE,
respectively, so as to achieve iterference randomization
processing between the SRSs of different UEs, which 1s
beneficial to the subsequent channel estimation of the SRS
of each UE by the base station. For example, the comb
number of the SRS of the first type of UE may take a value
of 3 or 5 and so on, and the comb number of the SRS of the
second type of UE may take a value of 2 or 4 and so on,
which 1s relatively prime with the value of 3 or 5.

In another embodiment of the present invention, when the
basic structural unit of the transmission of the SRS 1n the
frequency domain 1s the first basic block or the second basic
block, the SRS transmission sequence of each basic block
may be constructed based on a ZC sequence of diflerent
grven lengths. For example, the first basis block uses the ZC
sequence of length 61, and the second basis block uses the
7C sequence of length 31. The SRS transmission sequence
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on each basis block may be obtained by cyclic shifting of the
7C sequence. In another embodiment of the present inven-
tion, under the premise that the basic structural umt of the
transmission of the SRS 1n the frequency domain 1s the basic
block, when there are a plurality of first type of UEs, the
SRSs of the respective first type of UEs may be orthogonal
to each other. The lengths and/or numbers of the basic blocks
configuring the plurality of first type of UEs may be the
same as or different from each other. In addition, when there
are a plurality of second type of UEs, the SRSs of the
respective second type of UEs may be orthogonal to each
other. Likewise, the lengths and/or numbers of the basic
blocks configuring the plurality of second type of UEs may
also be the same as or different from each other.

In the above example of configuring the SRS according to
the basic block, the configuration imformation of the SRS
configured by the base station may include information such

as the length of the basic block of the SRS, the number of

basic blocks, and/or the mterval information indicating the
comb number. After receiving the SRS configuration infor-
mation transmitted by the base station, the UE may transmit
the SRS according to the configured corresponding SRS
reference signal sequence. The base station may transmit the
SRS configuration information through higher layer signal-
ing (such as RRC, MAC CE) or physical layer signaling
(lower layer control information). In another embodiment of
the present invention, the base station may select a configu-
ration manner of the SRS reference signal sequence accord-
ing to the SRS bandwidth type of the UE. For example, for
narrowband SRS, the base station may select a shorter root
sequence to configure the SRS, for example, a ZC (Zadoil-
Chu) sequence of length 31 used 1n LTE may be selected;
and for wideband SRS, the base station may select a longer
root sequence, for examplej a ZC sequence of length 61, to
configure the SRS. The actually transmitted sequence may
be obtamned by cyclic shifting (CS) based on the ZC
sequence of the above length.

In another embodiment of the present invention, the SRS
of the UE configured by the base station may be a periodic
SRS or an aperiodic SRS. When the SRS 1s the periodic
SRS, the SRS configuration information may further include
information such as a transmitting period of the SRS. When
the SRS 1s the aperiodic SRS, the base station will trigger the
SRS transmission through the physical downlink control
channel PDCCH. After the triggering by the base station, the
corresponding UE transmits the SRS only once.

Returning to FIG. 4, 1n step S402, the SRS configuration
information of the at least two UEs 1s transmitted.

In this step, after the base station transmits the SRS
configuration information to the at least two UEs, the
corresponding UE may transmit the SRS according to the
SRS configuration information, so that the base station
carries out the channel estimation. Since the SRSs of dii-
ferent UEs are non-orthogonal in the embodiments of the
present invention, the base station may carry out the channel
estimation for the recerved SRSs of the at least two UEs with
the successive interference cancellation (SIC) method after
receiving the SRSs of the at least two UEs, thereby improv-
ing the accuracy of the estimation. For example, the base
station may first estimate the SRS of the first type of UE, and
delete the SRS of the first type of UE after the estimation,
and then estimate the SRS of the second type of UE. When
there are a plurality of first type of UEs or a plurality of
second type of UEs, 1n the process of channel estimating by
the base station, the SRSs of different UEs may be deleted
one by one according to the quality of the received signal.
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The SRS transmission method according to the embodi-
ments of the present invention may configure the SRS
reference signal sequence of at least two UEs to be non-
orthogonal, so that more UEs may be allowed to transmit
SRS for channel measurement with given channel resources,
thereby eflectively improving the capacity of the SRS.

The embodiments of the invention further provides a
sounding reference signal transmission method, which 1s
performed by a UE. FIG. 8 shows a flowchart of an SRS
transmission method 800 according to embodiments of the
present mvention.

As shown 1 FIG. 8, i step S801, SRS configuration
information transmitted by a base station 1s received.

In step S802, an SRS configuration of the UE 1s obtained
from the SRS configuration information, where an SRS of
the UE 1s non-orthogonal with SRSs of other UE:s.

In the SRS configuration imformation transmitted by the
base station, the base station may achieve the purpose of
improving the SRS capacity 1mn a case ol given channel
resources by configuring the SRS of at least two UEs so that
the SRS of the UE 1s non-orthogonal with the SRSs of other
UEs. Specifically, the SRS of the UE and the SRS of other
UEs may be partially orthogonal, that 1s, the subcarriers that
transmit the SRS of UE may partially overlap with the
subcarriers that transmit the SRSs of other UEs.

In one embodiment of the present invention, the SRS of

the UE may be a wideband SRS, of course, also may be a
narrowband SRS. When the SRS of the UE 1s the wideband

SRS, the SRS of the other UEs may be the narrowband
SRSs; and when the SRS of the UE 1s the narrowband SRS,
the SRS of the other UEs may be the wideband SRSs. The
wideband and narrowband in the embodiments of the pres-
ent mvention are relative concepts. For example, a preset
threshold may be used to distinguish between a wideband
SRS and a narrowband SRS, that 1s, an SRS whose band-
width 1s greater than the preset threshold 1s treated as the
wideband SRS, and an SRS whose bandwidth 1s less than or
equal to the preset threshold 1s treated as the narrowband
SRS. In another embodiment of the present invention, the
bandwidth of the wideband SRS may be a multiple of the
bandwidth of the narrowband SRS, for example, the band-
width of the wideband SRS may be twice or four times the
bandwidth of the narrowband SRS.

In step S803, the SRS of the UE 1s transmitted according,
to the SRS configuration information.

In this step, the UE may transmit the SRS according to a
SRS reference signal sequence corresponding to the SRS
configuration imformation. As described above, the configu-
ration of the SRS reference signal sequence by the base
station may be notified to the UE by the base station in
advance, or may be written 1n a standard or transmitted with
a signaling, so that the UE learns the configured correspond-
ing SRS reference signal sequence.

The SRS transmission method according to the embodi-
ments of the present invention may enable the base station
to configure the SRS reference signal sequence of at least
two UEs to be non-orthogonal, so that more UEs may be
allowed to transmit SRS for channel measurement with
given channel resources, thereby effectively improving the
capacity of the SRS.

The embodiments of the invention further provides a
sounding reference signal transmission method, which 1s
performed by a UE. FIG. 9 shows a flowchart of an SRS
transmission method 900 according to an embodiment of the
present mvention.

As shown 1 FIG. 9, i step S901, SRS configuration
information transmitted by a base station i1s received, the
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SRS configuration information including information about
basic blocks included 1n an SRS of the UE.

When the basic structural unit of the transmission of the
SRS 1n the frequency domain 1s the basic block, bandwidth
information in the SRS configuration information of the UE
configured by the base station may include the information
of the basic block included 1n the SRS, and specifically, may
include a length of the basic block, and the number of basis
blocks. At this time, the base station may determine a SRS
reference signal sequence of the corresponding one or more
UEs according to the determined length of the basic block
and the number of basic blocks. For example, the base
station may self-configure the SRS reference signal
sequence of the UE according to the length and the number
of the basic block(s), and notity the UE. Alternatively, the
UE may directly transmit the SRS according to the preset
sequence configuration corresponding to the length and the
number of the basic block(s). The length of the basic block
or the configuration of the preset SRS reference signal
sequence may be notified to the UE by the base station 1n
advance, or may be written 1n a standard or transmitted with
a signaling. For example, when a length type of the basic
block has been preset 1n the SRS configuration, an mnstruc-
tion corresponding one to one to the length type of the basic
block (such as the configuration ID) needs to be used to
indicate the length of the basic block.

In another embodiment of the present invention, when the
SRS 1s configured according to a basic block unit, the length
of the basic block may be the same as or different from the
length of the time-frequency resource unit, for example, the
length of one basic block may include one or more time-
frequency resource units. Of course, the length of the basic
block may be the same as or different from the resource
block (RB). For example, one basic block may be one RB,
or may be an integer multiple of RB.

In one example of the present invention, the configuration
information of the SRS configured by the base station may
include not only the length of the basic block of the SRS, the
number of basic blocks, but also information such as the
interval information indicating the comb number. The base
station may transmit the SRS configuration information
through higher layer signaling (such as RRC, MAC CE) or
physical layer signaling (lower layer control information).

In another embodiment of the present invention, the SRS
of the UE configured by the base station may be a periodic
SRS or an aperiodic SRS. When the SRS 1s the periodic
SRS, the SRS configuration information may further include
information such as a transmitting period of the SRS. When
the SRS 1s the aperiodic SRS, the base station will trigger the
SRS transmission through the physical downlink control
channel PDCCH. After the base station triggering, the
corresponding UE transmits the SRS only once.

In step S902, the SRS of the UE 1s transmitted according,
to the SRS configuration information.

In this step, after receiving the SRS configuration infor-
mation transmitted by the base station, the UE may transmit
the SRS according to the corresponding SRS reference
signal sequence. As described above, the configuration of
the SRS reference signal sequence by the base station may
be notified to the UE by the base station 1n advance, or may
be written 1n a standard or transmitted with a signaling, so
that the UE learns the configured corresponding SRS refer-
ence signal sequence.

The SRS transmission method according to the embodi-
ments of the present invention may enable the base station
to configure the SRS reference signal sequence of at least
two UEs to be non-orthogonal, so that more UEs may be
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allowed to transmit SRS for channel measurement with
given channel resources, thereby eflectively improving the
capacity of the SRS.

Next, a base station according to embodiments of the
present invention will be described with reference to FIG.
10. The base station may perform the above SRS transmis-
sion method. Since the operation of the base station 1s
substantially the same as the steps of the SRS transmission
method described above, only a brief description thereof
will be made herein, and a repeated description of the same
details will be omatted.

As shown in FIG. 10, a base station 1000 includes a
generating unit 1010 and a transmitting unit 1020. It will be
appreciated that FIG. 10 only shows components related to
embodiments of the present invention, while other compo-
nents are omitted, but this 1s merely illustrative, and the base
station 1000 may include other components as needed.

The generating unit 1010 generates SRS configuration
information for at least two UEs, such that an SRS of a first
type of UE of the at least two UEs 1s non-orthogonal with an
SRS of a second type of UEs of the at least two UEs.

In one embodiment of the present invention, the at least
two UEs may 1nclude at least one first type of UE and at least
one second type of UE. The generating unit 1010 may
achieve the purpose of improving the SRS capacity in a case
of given channel resources by configuring the SRS of at least
two UEs so that the SRS of the first type of UE 1s non-
orthogonal with the SRS of the second type of UE. Specifi-
cally, the SRS of the first type of UE and the SRS of the
second type of UE may be partially orthogonal, that 1s, the
subcarriers that transmit the SRS of the first type of UE may
partially overlap with the subcarriers that transmit the SRS
of the second type of UE.

In one embodiment of the present invention, a bandwidth
of the SRS of the first type of UE 1s greater than a bandwidth
of the SRS of the second type of UE. That 1s, the SRS of the
first type of UE may be a wideband SRS, and the SRS of the
second type of UE may be a narrowband SRS. The wideband
and narrowband 1n the embodiments of the present invention
are relative concepts. For example, a preset threshold may
be used to distinguish between a wideband SRS and a
narrowband SRS, that 1s, an SRS whose bandwidth 1s greater
than the preset threshold 1s treated as the wideband SRS, and
an SRS whose bandwidth 1s less than or equal to the preset
threshold 1s treated as the narrowband SRS. In another
embodiment of the present invention, the bandwidth of the
wideband SRS may be a multiple of the bandwidth of the
narrowband SRS, for example, the bandwidth of the wide-
band SRS may be twice or four times the bandwidth of the
narrowband SRS.

In another embodiment of the present invention, the
generating unit 1010 may implement non-orthogonality
between the reference signal sequences of the SRS of the
first type of UE and the second type of UE by setting the
comb number of the SRS of the first type of UE to be
different from the comb number of the SRS of the second

type of UE. FIG. 5 shows an example of a comb number
setting of the SRS of the first type of UE (UE1) and the SRS
of the second type of UE (UE2). As shown 1n FIG. §, the
comb number of the SRS of the first type of UE may be set
to 2, and the comb number of the second type of UE may be
set to 3. At this time, the same subcarrier on the same
time-frequency resource unit may not only be used to
transmit the SRS of the first type of UE, but also be used to
transmit the SRS of the second type of UE. In this case, the
SRS of the first type of UE and the SRS of the second type

of UE are not completely orthogonal. Alternatively, the
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comb number of the SRS of the first type of UE and the
comb number of the SRS of the second type of UE may be
relatively prime, such that not all subcarriers simultaneously
carry the SRS of the first type of UE and the second type of
UE, but there may be subcarriers that carry the SRS of the
first type of UE and the SRS of the second type of UFE,
respectively, so as to achieve interference randomization
processing between the SRSs of different UEs, which 1s
beneficial to the facilitation of accuracy of the subsequent
channel estimation of the SRS of each UE by the base
station. For example, the comb number of the SRS of the
first type of UE may take a value of 3 or 5 and so on, and
the comb number of the SRS of the second type of UE may
take a value of 2 or 4 and so on, which 1s relatively prime
with the value of 3 or 3.

In another embodiment of the present invention, when
there are a plurality of first type of UEs, the SRSs of the
respective first type of UEs may be orthogonal to each other.
In addition, when there are a plurality of second type of UEs,
the SRSs of the UEs of the second type may also be
orthogonal to each other. FIG. 6 shows a schematic diagram
of an SRS configuration with two first type of UEs (UEI,
UE3) and three second type of UEs (UE2, UE4, UES),
respectively. The comb numbers of UE1 and UE3 are both
3, and the comb numbers of UE2 and UE4 are both 2, and
the comb number of UES 15 4. It can be seen from FIG. 6 that
the two wideband SRSs of UE1 and UE3 are orthogonal to
cach other, and the three narrowband SRSs of UE2, UE4 and
UES are also orthogonal to each other, respectively. How-
ever, the two groups of SRS of the wideband UEs (UEI1,
U_J3) and the narrowband UEs (UE2, UE4, UES) are
pairwise non-orthogonal, and there are subcarrers that carry
any two SRSs 1n the two groups on the frequency domain at
the same time.

The embodiments in which the SRSs of UEs with differ-
ent bandwidths are configured by the generating unit 1010
through different comb numbers to implement non-orthogo-
nal SRSs between different UEs are illustrated with FIG. 5
and FIG. 6 above. In the above example, the configuration
information of the SRS configured by the generating unit
1010 may include information such as a bandwidth of the
SRS and/or an interval information indicating the comb
number. In one embodiment of the present invention, the
bandwidth of the SRS may be represented with time-
frequency resource units, where the time-frequency resource
unit may be a given time-frequency resource with preset
definition. Alternatively, one time-frequency resource unit
may be one or more resource blocks (RBs) in the LTE
system or NR. In another embodiment of the present inven-
tion, the generating unit 1010 may select a configuration
manner of the SRS reference signal sequence according to
the SRS bandwidth type of the UE. For example, for
narrowband SRS, the generating unit 1010 may select a
shorter root sequence to configure the SRS, for example, a
ZC (Zadofl-Chu) sequence of length 31 used in LTE may be
selected; and for wideband SRS, the generating unit 1010
may select a longer root sequence, for example, a ZC
sequence of length 61, to configure the SRS. The actually
transmitted sequence may be obtamned by cyclic shifting
(CS) based on the ZC sequence of the above length.

In another embodiment of the present invention, the SRS
of the UE configured by the generating unit 1010 may be a
periodic SRS or an aperiodic SRS. When the SRS is the
periodic SRS, the SRS configuration mformation may fur-
ther include information such as a transmitting period of the
SRS. When the SRS 1s the aperiodic SRS, the base station

will trigger the SRS transmission through the physical
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downlink control channel PDCCH. After the triggering by
the base station, the corresponding UE transmits the SRS
only once.

In another embodiment of the present invention, when the
basic unit constituting the SRS of the UE 1s the basic block,
the generating unit 1010 may generate, according to the
information of the basic block, SRS configuration informa-
tion of any one or more UEs of the at least two UEs. The
bandwidth information in the SRS configuration information
configured by the generating unit 1010 may include infor-
mation of the basic block included 1n the SRS, specifically,
a length of the basic block and the number of basic blocks.
Then, the generating unit 1010 may determine the SRS
reference signal sequences of the corresponding one or more
UEs according to the determined length of the basic block
and the number of basic blocks. For example, the generating
unit 1010 may self-configure the SRS reference signal
sequence of the UE according to the length and the number
of the basic block(s), and notify the UE. Alternatively, the
UE may directly transmit the SRS according to the preset
sequence configuration corresponding to the length and the
number of the basic block(s). The length information of the
basic block or the configuration of the preset SRS reference
signal sequence may be notified to the UE by the base station
in advance, or may be written 1n a standard or transmaitted
with a signaling. When a length type of the basic block has
been preset 1n the SRS configuration, the generating unit
1010 needs to indicate the length of the basic block by using
an 1nstruction corresponding one to one to the length type of
the basic block (such as the configuration ID).

When the basic structural unit of the transmission of the
SRS 1n the frequency domain 1s the basic block, similar to
the foregoing, the at least two UEs may also include at least
one first type of UEs and at least one second type of UEs,
and the bandwidth of the SRS of the first type of UEs 1s
greater than the bandwidth of the SRS of the second type of
UEs. That 1s, the SRS of the first type of UEs may be a
wideband SRS, and the SRS of the second type of UEs may
be a narrowband SRS. The wideband and narrowband 1n the
embodiments of the present invention are relative concepts.
For example, a preset threshold may be used to distinguish
between a wideband SRS and a narrowband SRS, that 1s, an
SRS whose bandwidth 1s greater than the preset threshold 1s
treated as the wideband SRS, and an SRS whose bandwidth
1s less than or equal to the preset threshold 1s treated as the
narrowband SRS. In another embodiment of the present
invention, the bandwidth of the wideband SRS may be a
multiple of the bandwidth of the narrowband SRS, for
example, the bandwidth of the wideband SRS may be twice
or four times the bandwidth of the narrowband SRS. The
basic block used to configure the SRS of the first type of UEs
may be a first basic block, and the basic block used to
configure the SRS of the second type of UEs may be a
second basic block. In another embodiment of the present
invention, the length of the basic block may be the same as
or different from the length of the time-frequency resource
unit. For example, the length of one basic block may include
one or more time-frequency resource units. Of course, the
length of the basic block may be the same as or different
from the resource block (RB). For example, one basic block
may be one RB, or may be an mteger multiple of RB. In one
embodiment of the present invention, the generating unit
1010 may generate only the SRS configuration information
of the first type of UE according to the mformation of the
basic block; or generate only the SRS configuration infor-
mation of the second type of UE according to the informa-
tion of the basic block. Of course, 1in another embodiment of
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the present invention, the generating unit 1010 may also
generate SRS configuration information of the first type of
UE and the second type of UE respectively according to the
same as or different basic block information. In another
embodiment of the present invention, when the SRS of the
first type of UE and the SRS of the second type of UE are
both configured according to a basic block, the length of the
first basic block used to configure the SRS of the first type
of UE by the generating umit 1010 may be the same as or
different from the length of the second basic block used to
configure the SRS of the second type of UE. In addition, the
number of the first basic block may be the same as or
different from the number of the second basic block. In
addition, 1n another embodiment of the present invention,
regardless of whether the length and/or the number of the
first basic block and the second basic block are the same or
different, the Non-orthogonal SRS of the first type of UEs
and the second type of UEs all may be realized by the
generating unit 1010 with the different comb numbers
described above.

FIG. 7 shows an example of achieving a non-orthogonal
SRS configuration of the first type of UE and the second type
of UE with different comb numbers when the length of the
first basis block for configuring the SRS of the first type of
UE (UE6) 1s different from the second basis block for
configuring the SRS of the second type of UE (UE7), but the
number of the first basis block for configuring the SRS of the
first type of UE (UE®6) 1s the same as the second basis block
for configuring the SRS of the second type of UE (UE7). The
length of the first basic block for configuring the UE6 1s
twice the length of the second basic block for configuring the
UE7, the comb number of the UE6 1s 3, and the comb
number of the UE7 1s 2. In the embodiment shown i FIG.
7, the length of the second basic block for configuring the
UE7 may be 1 RB. Accordingly, the length of the first basic
block for configuring the UE6 may be 2 RBs. Alternatively,
the comb number of the SRS of the first type of UE and the
comb number of the SRS of the second type of UE may be
relatively prime, such that not all subcarriers simultaneously
carry the SRS of the first type of UE and the second type of
UE, but there may be subcarriers that carry the SRS of the
first type of UE and the SRS of the second type of UE,
respectively, so as to achieve interference randomization
processing between the SRSs of different UEs, which 1s
beneficial to the subsequent channel estimation of the SRS
of each UE by the base station. For example, the comb
number of the SRS of the first type of UE may take a value
of 3 or 5 and so on, and the comb number of the SRS of the
second type of UE may take a value of 2 or 4 and so on,
which 1s relatively prime with the value of 3 or 5.

In another embodiment of the present invention, when the
basic structural unit of the transmission of the SRS 1n the
frequency domain 1s the first basic block or the second basic
block, the SRS transmission sequence of each basic block
may be constructed based on a ZC sequence of different
given lengths. For example, the first basis block uses the ZC
sequence of length 61, and the second basis block uses the
ZC sequence of length 31. The SRS transmission sequence
on each basis block may be obtained by cyclic shifting of the
/.C sequence.

In another embodiment of the present invention, under the
premise that the basic structural unit of the transmission of
the SRS 1n the frequency domain 1s the basic block, when
there are a plurality of first type of UEs, the SRSs of the
respective first type of UEs may be orthogonal to each other.
The lengths and/or numbers of the basic blocks configuring
the plurality of first type of UEs may be the same as or
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different from each other. In addition, when there are a
plurality of second type of UEs, the SRSs of the respective
second type of UEs may be orthogonal to each other.
Likewise, the lengths and/or numbers of the basic blocks
configuring the plurality of second type of UEs may also be
the same as or diflerent from each other.

In the above-described example of configuring the SRS
according to the basic block, the configuration information
of the SRS configured by the generating unit 1010 may

include mformation such as the length of the basic block of
the SRS, the number of basic blocks, and/or the interval
information indicating the comb number. After receiving the
SRS configuration mformation transmitted by the base sta-
tion, the UE may transmit the SRS according to the config-
ured corresponding SRS reference signal sequence. The

base station may transmit the SRS configuration information
through higher layer signaling (such as RRC, MAC CE) or

physical layer signaling (lower layer control information). In
another embodiment of the present invention, the base
station may select a configuration manner of the SRS
reference signal sequence according to the SRS bandwidth
type of the UE. For example, for narrowband SRS, the base
station may select a shorter root sequence to configure the
SRS, for example, a ZC (Zadofl-Chu) sequence of length 31
used mn LTE may be selected; and for wideband SRS, the
base station may select a longer root sequence, for example,
a /ZC sequence of length 61, to configure the SRS. The
actually transmitted sequence may be obtained by cyclic
shifting (CS) based on the ZC sequence of the above length.

In another embodiment of the present invention, the SRS
of the UE configured by the generating unit 1010 may be a
periodic SRS or an aperiodic SRS. When the SRS i1s the
periodic SRS, the SRS configuration imformation may fur-
ther include information such as a transmitting period of the
SRS. When the SRS 1s the aperiodic SRS, the base station
will trigger the SRS transmission through the physical
downlink control channel PDCCH. After the triggering by
the base station, the corresponding UE transmits the SRS
only once.

The transmitting umt 1020 transmits the SRS configura-
tion information of the at least two UEs.

After the transmitting unit 1020 transmits the SRS con-
figuration information to the at least two UEs, the corre-
sponding UE may transmit the SRS according to the SRS
configuration information, so that the base station carries out
the channel estimation. Since the SRSs of different UEs are
non-orthogonal in the embodiments of the present invention,
the base station may cause an estimating unit (not shown) to
carry out the channel estimation for the received SRSs of the
at least two UEs with the successive interference cancella-
tion (SIC) method after a recerving unit (not shown) receiv-
ing the SRSs of the at least two UEs, thereby improving the
accuracy of the estimation. For example, the estimating unit
may first estimate the SRS of the first type of UE, and delete
the SRS of the first type of UE after the estimation, and then
estimate the SRS of the second type of UE. When there are
a plurality of first type of UEs or a plurality of second type
of UEs, 1n the process of channel estimating by the base
station, the SRSs of different UEs may be deleted one by one
according to the quality of the received signal.

The base station according to the embodiments of the
present mvention may configure the SRS reference signal
sequence of at least two UEs to be non-orthogonal, so that
more UEs may be allowed to transmit SRS for channel
measurement with given channel resources, thereby eflec-
tively improving the capacity of the SRS.
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Hereinatter, a UE according to embodiments of the pres-
ent invention will be described with reference to FIG. 11.
The UE may perform the above SRS transmission method.
Since the operation of the UE i1s substantially the same as the
steps of the SRS transmission method described 1n FIG. 8,
only a brief description thereof will be made herein, and a
repeated description of the same content will be omuitted.

As shown 1n FIG. 11, a UE 1100 may include a receiving
umt 1110, an obtaining unit 1120, and a transmitting unit
1130. It will be appreciated that FIG. 11 only shows com-
ponents related to embodiments of the present invention,
while other components are omitted, but this 1s merely
illustrative, and the UE 1100 may include other components
as needed.

The receiving unit 1110 receives the SRS configuration
information transmitted by the base station.

The obtaining unit 1120 obtains an SRS configuration of
the UE from the SRS configuration information, wherein an
SRS of the UE 1s non-orthogonal with SRSs of other UEs.

In the SRS configuration mformation transmitted by the
base station, the base station may achieve the purpose of
improving the SRS capacity imn a case ol given channel
resources by configuring the SRS of at least two UEs so that
the SRS of the UE 1s non-orthogonal with the SRSs of other
UEs. Specifically, the SRS of the UE and the SRS of other
UEs may be partially orthogonal, that 1s, the subcarriers that
transmit the SRS of UE may partially overlap with the
subcarriers that transmit the SRSs of other UEs.

In one embodiment of the present invention, the SRS of
the UE may be a wideband SRS, of course, also may be a
narrowband SRS. When the SRS of the UE 1s the wideband
SRS, the SRS of the other UEs may be the narrowband
SRSs; and when the SRS of the UE 1s the narrowband SRS,
the SRS of the other UEs may be the wideband SRSs. The
wideband and narrowband in the embodiments of the pres-
ent mvention are relative concepts. For example, a preset
threshold may be used to distinguish between a wideband
SRS and a narrowband SRS, that i1s, an SRS whose band-

width 1s greater than the preset threshold 1s treated as the
wideband SRS, and an SRS whose bandwidth 1s less than or
equal to the preset threshold 1s treated as the narrowband
SRS. In another embodiment of the present invention, the
bandwidth of the wideband SRS may be a multiple of the
bandwidth of the narrowband SRS, for example, the band-
width of the wideband SRS may be twice or four times the
bandwidth of the narrowband SRS.

The transmitting umt 1130 transmits the SRS of the UE
according to the SRS configuration information.

The transmitting unit 1130 may transmit the SRS accord-
ing to a SRS reference signal sequence corresponding to the
SRS configuration information. As described above, the
configuration of the SRS reference signal sequence by the
base station may be notified to the UE by the base station in
advance, or may be written 1n a standard or transmitted with
a signaling, so that the UE learns the configured correspond-
ing SRS reference signal sequence.

The UE according to the embodiments of the present
invention may enable the base station to configure the SRS
reference signal sequence of at least two UEs to be non-
orthogonal, so that more UEs may be allowed to transmit
SRS for channel measurement with given channel resources,
thereby eflectively improving the capacity of the SRS.

Heremafiter, a UE according to embodiments of the pres-
ent mvention will be described with reference to FIG. 12.
The UE may perform the above SRS transmission method.
Since the operation of the UE i1s substantially the same as the
steps of the SRS transmission method described 1n FIG. 9,
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only a brief description thereof will be made herein, and a
repeated description of the same content will be omitted.

As shown 1n FIG. 12, a UE 1200 may include a receiving
unit 1210 and a transmitting umt 1220. It will be appreciated
that F1G. 12 only shows components related to embodiments
of the present invention, while other components are omit-
ted, but this 1s merely illustrative, and the UE 1200 may
include other components as needed.

The recerving unit 1010 receives SRS configuration infor-
mation transmitted by a base station, the SRS configuration
information 1including information about basic blocks
included 1n an SRS of the UE.

When the basic structural unmit of the transmission of the
SRS 1n the frequency domain 1s the basic block, bandwidth
information 1n the SRS configuration information of the UE
configured by the base station may include the mnformation
of the basic block included 1n the SRS, and specifically, may
include a length of the basic block, and the number of basis
blocks. At this time, the base station may determine a SRS
reference signal sequence of the corresponding one or more
UEs according to the determined length of the basic block
and the number of basic blocks. For example, the base
station may seli-configure the SRS reference signal
sequence of the UE according to the length and the number
of the basic block(s), and notify the UE. Alternatively, the
receiving unit 1010 may directly transmit the SRS according,
to the preset sequence configuration corresponding to the
length and the number of the basic block(s). The length of
the basic block or the configuration of the preset SRS
reference signal sequence may be notified to the UE by the
base station 1n advance, or may be written 1n a standard or
transmitted with a signaling. For example, when a length
type of the basic block has been preset in the SRS configu-
ration, an 1nstruction corresponding one to one to the length
type of the basic block (such as the configuration ID) needs
to be used to indicate the length of the basic block.

In another embodiment of the present invention, when the
SRS 1s configured according to a basic block unit, the length
of the basic block may be the same as or diflerent from the
length of the time-frequency resource unit, for example, the
length of one basic block may include one or more time-
frequency resource units. Of course, the length of the basic
block may be the same as or different from the resource
block (RB). For example, one basic block may be one RB,
or may be an integer multiple of RB.

In one example of the present invention, the configuration
information of the SRS configured by the base station may
include not only the length of the basic block of the SRS, the
number of basic blocks, but also information such as the
interval information indicating the comb number. The base
station may transmit the SRS configuration information
through higher layer signaling (such as RRC, MAC CE) or
physical layer signaling (lower layer control information).

In another embodiment of the present invention, the SRS
of the UE configured by the base station may be a periodic
SRS or an aperiodic SRS. When the SRS 1s the periodic
SRS, the SRS configuration information may further include
information such as a transmitting period of the SRS. When
the SRS 1s the aperiodic SRS, the base station will trigger the
SRS transmission through the physical downlink control
channel PDCCH. After the base station triggering, the
corresponding UE transmits the SRS only once.

The transmitting unit 1220 transmits the SRS of the U
according to the SRS configuration information.

After the recerving unit 1210 receives the SRS configu-
ration information transmitted by the base station, the trans-
mitting unit 1220 may transmit the SRS according to the
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corresponding SRS reference signal sequence. As described
above, the configuration of the SRS reference signal
sequence by the base station may be notified to the UE by
the base station in advance, or may be written 1n a standard
or transmitted with a signaling, so that the UE learns the
configured corresponding SRS reference signal sequence.

The UE according to the embodiments of the present
invention may enable the base station to configure the SRS
reference signal sequence of at least two UEs to be non-
orthogonal, so that more UEs may be allowed to transmit
SRS for channel measurement with given channel resources,
thereby eflectively improving the capacity of the SRS.

Additionally, block diagrams used for the illustration of
the above embodiments represent functional blocks 1n func-
tional units. These functional blocks (components) are real-
ized by any combination of hardware and/or soitware. In
addition, the means for implementing the respective func-
tion blocks 1s not particularly limited. That 1s, the respective
functional blocks may be realized by one apparatus that 1s
physically and/or logically aggregated; or more than two
apparatuses that are physically and/or logically separated
may be directly and/or indirectly (e.g., wiredly and/or wire-
lessly) connected, and the respective functional blocks may
be implemented by these apparatuses.

For example, the base station 1000, UE 1100 or UE 1200
in an embodiment of the present invention can function as a
computer that carries out the processes of the wireless
communication method of the present invention. FIG. 13 1s
a diagram that shows an example of a hardware structure of
the base station or the UE according to an embodiment of the
present invention. The above described base station 1000,
UE 1100 or UE 1200 may be physically constituted as a
computer apparatus including a processor 1301, a memory
1302, a storage 1303, a communication apparatus 1304, an
input apparatus 1305, an output apparatus 1306, a bus 1307
and so on.

It should be noted that, in the following description, the
term “apparatus” may be interpreted as a circuit, a device, a
unit or the like. The hardware constitution of the base station
1000, UE 1100 or UE 1200 may include one or more
apparatuses shown in the figure, or may not include a part of
the apparatuses.

For example, although only one processor 1301 1s shown,
a plurality of processors may be provided. Furthermore,
processes may be performed by one processor, or processes
may be performed either simultaneously or in sequence, or
in different manners, by two or more processors. Addition-
ally, the processor 1301 may be installed with one or more
chips.

Respective functions of the base station 1000, UE 1100 or
UE 1200 are implemented by, for example, reading prede-
termined software (program) onto hardware such as the
processor 1301 and the memory 1302, so as to make the
processor 1301 perform calculations, controlling the com-
munication carried out by the communication apparatus
1304, and controlling the reading and/or writing of data 1n
the memory 1302 and the storage 1303.

The processor 1301 may control the whole computer by,
for example, running an operating system. The processor
1301 may be configured with a central processing unit
(CPU), which includes interfaces with peripheral apparatus,
a control apparatus, a computing apparatus, a register and so
on.

Furthermore, the processor 1301 reads programs (pro-
gram codes), soltware modules, data or the like, from the
storage 1303 and/or the communication apparatus 1304, into
the memory 1302, and executes various processes according
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to them. As the programs, programs to allow a computer to
execute at least part of the operations described in the
above-described embodiments may be used.

The memory 1302 1s a computer-readable recording
medium, and may be constituted by, for example, at least

one of a ROM (Read Only Memory), an EPROM (Erasable
Programmable ROM), an EEPROM (Electrically EPROM),
a RAM (Random Access Memory) and/or other appropriate
storage media. The memory 1302 may be referred to as a
“register”, a “cache”, a “main memory” (primary storage
apparatus) and so on. The memory 1302 can store execut-
able programs (program codes), software modules and so on
for implementing the radio communication methods accord-
ing to embodiments of the present invention.

The storage 1303 1s a computer-readable recording
medium, and may be constituted by, for example, at least
one of a flexible disk, a floppy (registered trademark) disk,
a magneto-optical disk (for example, a compact disc (CD-
ROM (Compact Disc ROM) and so on), a digital versatile
disc, a Blu-ray (registered trademark) disk), a removable
disk, a hard disk drive, a smart card, a flash memory device
(for example, a card, a stick, a key drive, etc.), a magnetic
stripe, a database, a server, and/or other appropriate storage
media. The storage 1303 may be referred to as a secondary
storage apparatus.

The communication apparatus 1304 1s hardware (trans-
mitting/receiving device) for allowing inter-computer com-
munication by using wired and/or wireless networks, and
may be referred to as, for example, a network device, a
network controller, a network card, a communication mod-
ule and so on. The communication apparatus 1304 may be
configured to include a high frequency switch, a duplexer, a
filter, a frequency synthesizer and so on 1n order to realize,
for example, frequency division duplex (FDD) and/or time
division duplex (TDD).

The mnput apparatus 1303 1s an input device for receiving
input from the outside (for example, a keyboard, a mouse, a
microphone, a switch, a button, a sensor or the like). The
output apparatus 1306 1s an output device for implementing
output to the outside (for example, a display, a speaker, an

LED (Light Emitting Diode) lamp, or the like). It should be

noted that the input apparatus 1305 and the output apparatus
1306 may be provided i an integrated structure (for
example, a touch panel).

Furthermore, these apparatus, including the processor
1301, the memory 1302 and so on are connected by the bus
1307 for communicating information. The bus 1307 may be
formed with a single bus, or may be formed with buses that
vary between apparatus.

Also, the base station 1000, UE 1100 or UE 1200 may
include hardware such as a microprocessor, a digital signal
processor (DSP), an ASIC (Application-Specific Integrated
Circuit), a PLD (Programmable Logic Device), an FPGA
(Field Programmable Gate Array) and so on, and part or all
of the functional blocks may be implemented by the hard-
ware. For example, the processor 1301 may be installed with
at least one of these pieces of hardware.

It should be noted that the terms 1llustrated in the present
specification and/or the terms required for the understanding
of the present specification may be substituted with terms
having the same or similar meaning. For example, a channel
and/or a symbol may be a signal (signaling). In addition, the
signal may be a message. A reference signal may be abbre-
viated as a RS (Reference Signal), and may be referred to as
a pilot, a pilot signal and so on, depending on the standard
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applied. In addition, a component carrier (CC) may be
referred to as a carrier frequency, a cell, a frequency carrier,
or the like.

Furthermore, a slot may be comprised of one or more
symbols (OFDM (Orthogonal Frequency Division Multi-
plexing) symbols, SC-FDMA (Single Carrier Frequency
Division Multiple Access) symbols, or the like) 1n the time
domain. Furthermore, the slot may also be a time umnit
configured based on a parameter. Furthermore, a slot may
also 1include multiple micro-slots. Each micro-slot may be
comprised of one or more symbols 1 the time domain.
Furthermore, a micro-slot may also be referred as a sub-slot.

A radio frame, a subirame, a slot, a micro-slot and a
symbol all represent the time unit when transmitting signals.
A radio frame, a subirame, a slot, a micro-slot and a symbol
may also use other names that correspond to them. For
example, one subirame may be referred to as a transmission
time iterval (TTI), a plurality of consecutive subirames
may also be referred to as a TTI, and one slot or one
micro-slot may also be referred to as a “T'T1.” That 1s, the
subirame and/or the TTI may be a subiframe (1 ms) 1n
existing LTE, may be a shorter period of time than 1 ms (for
example, one to thirteen symbols), or may be a longer period
of time than 1 ms. It should be noted that a unit indicating
the TTI may also be referred to as a slot, a micro-slot, or the
like instead of a subirame.

Here, the TTI refers to a minimum time unit of scheduling

in radio communication, for example. For example, in LTE
systems, a radio base station performs, for respective user
equipment, the scheduling to assign radio resources (such as
frequency bandwidths and transmission powers that can be
used 1n the respective user equipment) 1 a unit of TTI. It
should be noted that the definition of the TTT 1s not limited
to this.
The TTI may be a transmission time unit for a channel-
coded data packet (data block), a code block, and/or a
codeword, or may be a processing unit for scheduling, link
adaptation and so on. It should be noted that, when a TTI 1s
given, a time interval (e.g., the number of symbols) actually
mapped to a data block, a code block, and/or a codeword
may be shorter than the TTI.

It should be noted that, when one slot or one micro-slot 1s
called a TTI, more than one TTI (1.e., more than one slot or
more than one micro-slot) may become a minimum time unit
for scheduling. Furthermore, the number of slots (the num-
ber of micro-slots) constituting the mimmum time unit for
scheduling may be controlled.

A TTI having a time duration of 1 ms may be referred to
as a normal TTI (TTI in LTE Rel. 8 to 12), a standard TTI,
a long TTI, a normal subirame, a standard subirame, or a
long subirame, or the like. A TT1I that 1s shorter than a
normal TTI may be referred to as a shortened TTI, a short
TTI, a partial (or fractional) TTI, a shortened subirame, a
short subirame, a micro-slot, a short micro-slot, or the like.

It should be noted that, a long TTI (e.g., a normal TTI, a
subirame, etc.) may be replaced with a TTI having a time
duration exceeding 1 ms, and a short TTI (e.g., a shortened
TTI, etc.) may also be replaced with a TTI having a TTI
duration which i1s shorter than that of the long TTI and
exceeds 1 ms.

A resource block (RB) 1s a unit of resource allocation 1n
the time domain and the frequency domain, and may include
one or a plurality of consecutive subcarriers in the frequency
domain. Also, an RB may include one or more symbols 1n
the time domain, and may be one slot, one micro-slot, one
subirame or one TTI duration. One TTI and one subirame
cach may be comprised of one or more resource blocks,
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respectively. It should be noted that one or more RBs may
also be referred to as a physical resource block (PRB
(Physical RB)), a SubCarrier Group (SCG), a Resource

Element Group (REG), a PRG pair, an RB pair, and so on.

It should be noted that the above-described structures of 5

radio frames, subirames, slots, micro-slots, symbols and so
on are simply examples. For example, configurations such as
the number of subirames included 1in a radio frame, the
number of slots of each subframe or radio frame, the number
or micro-slots included 1n a slot, the number of symbols and
RBs included 1n a slot or micro-slot, the number of subcar-
riers included 1n an RB, the number of symbols 1n a TTI, the
symbol length, the cyclic prefix (CP) length and so on can
be variously changed.

Also, the information, parameters and so on described 1n
this specification may be represented in absolute values or in
relative values with respect to predetermined values, or may
be represented in other corresponding information. For
example, radio resources may be indicated by predetermined
indices. In addition, equations to use these parameters and so
on may be different from those explicitly disclosed 1n this
specification.

The names used for parameters and so on 1n this speci-
fication are not limited 1n any respect. For example, since
various channels (PUCCH (Physical Uplink Control Chan-
nel), PDCCH (Physical Downlink Control Channel) and so
on) and nformation elements can be i1dentified by any
suitable names, the various names assigned to these various
channels and information elements are not limited 1n any
respect.

The information, signals and so on described in this
specification may be represented by using any one of various
different technologies. For example, data, instructions, com-
mands, information, signals, bits, symbols, chips and so on,
which may be referenced throughout the herein-contained
description, may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or photons, or any combination of them.

Also, information, signals and so on can be output from
higher layers to lower layers and/or from lower layers to
higher layers. Information, signals and so on may be input
and/or output via a plurality of network nodes.

The information, signals and so on that are mput and/or
output may be stored 1n a specific location (for example, 1n
a memory), or may be managed 1n a management table. The
information, signals and so on that are input and/or output
may be overwritten, updated or appended. The information,
signals and so on that are output may be deleted. The
information, signals and so on that are input may be trans-
mitted to other apparatus.

Reporting of information 1s by no means limited to the
aspects/embodiments described 1n this specification, and
other methods may be used as well. For example, reporting
ol information may be implemented by using physical layer
signaling (for example, downlink control information (DCI),
uplink control information (UCI)), higher layer signaling
(for example, RRC (Radio Resource Control) signaling,
broadcast information (the master information block (MIB),
system information blocks (SIBs) and so on), MAC (Me-
dium Access Control) signaling and so on), and other signals
and/or combinations of them.

It should be noted that physical layer signaling may also
be referred to as L1/L.2 (Layer 1/Layer 2) control informa-
tion (L1/L2 control signals), L1 control information (L1
control signal) and so on. Also, RRC signaling may be
referred to as “RRC message”, and can be, for example, an
RRC connection setup message, RRC connection reconfigu-
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ration message, and so on. Also, MAC signaling may be
reported using, for example, MAC control elements (MAC
CE (Control Element)).

Also, reporting of predetermined information does not
necessarlly have to be carried out explicitly, and can be
carried out implicitly (by, for example, not reporting this
piece of information, or by reporting a different piece of
information).

Regarding decisions, they may be made by values repre-
sented by one bit (0 or 1), may be made by a true or false
value (Boolean value) represented by true or false, or may
be made by comparison of numerical values (for example,
comparison against a predetermined value).

Software, whether referred to as software, firmware,
middleware, microcode or hardware description language,
or called by other names, should be interpreted broadly, to
mean commands, command sets, codes, code segments,
program codes, programs, subprograms, soitware modules,
applications, software applications, software packages, rou-
tines, subroutines, objects, executable files, execution
threads, steps, functions and so on.

Also, software, commands, information and so on may be
transmitted or received wvia transmission media. For
example, when software 1s transmitted from a website, a
server or other remote sources by using wired technologies
(coaxial cables, optical fiber cables, twisted-pair cables,
digital subscriber lines (DSL) and so on) and/or wireless
technologies (infrared radiation, microwaves and so on),
these wired technologies and/or wireless technologies are
included 1n the definition of transmission media.

The terms “system” and “network™ as used herein are
used interchangeably.

In the present specification, the terms “base station (BS)”,
“radio base station”, “eNB”, “gNB”, “cell”, “sector”, “cell
group”’, “carrier’ and “component carrier” may be used
interchangeably. A base station may be referred to as a “fixed
station”, “NodeB”, “eNodeB (eNB)”, “access point”, “trans-
mission point”, “recerving point”, “femto cell”, “small cell”
and so on.

A base station can accommodate one or more (for
example, three) cells (also referred to as “sectors™). When a
base station accommodates a plurality of cells, the entire
coverage area of the base station can be partitioned into
multiple smaller areas, and each smaller area can provide
communication services through base station subsystems
(for example, indoor small base stations (RRHs (Remote
Radio Heads))). The term ““cell” or “sector” refers to part or
all of the coverage area of a base station and/or a base station
subsystem that provides communication services within this
coverage.

In the present specification, the terms “mobile station
(MS)”, “user terminal”, “user equipment (UE)” and “termi-
nal” may be used interchangeably. A base station may be
referred to as a “fixed station”, “NodeB”, “eNodeB (eNB)”,
“access pomt”, “transmission point’, “receiving point”,
“femto cell”, “small cell” and so on.

Sometimes a user terminal 1s also called by those skilled
in the art as a subscriber station, a mobile unit, a subscriber
unit, a wireless unit, a remote unit, a mobile device, a
wireless device, a wireless communication device, a remote
device, a mobile subscriber station, an access terminal, a
mobile terminal, a wireless terminal, a remote terminal, a
handset, a user agent, a mobile client, a client, or some other
suitable terms.

Furthermore, the radio base stations in this specification
may be replaced by user equipment. For example, each
aspect/embodiment of the present invention may be applied




US 11,228,463 B2

23

to a configuration 1n which communication between a radio
base station and a user equipment 1s replaced with commu-
nication among a plurality of user equipment (D2D (Device-
to-Device)). In this case, user equipment 20 may have the
functions of the radio base stations 10 described above. In
addition, terms such as “uplink” and “downlink™ may be
replaced by “side.” For example, an uplink channel may be
replaced by a side channel.

Likewise, the user equipment in this specification may be
replaced by radio base stations.

In the present specification, 1t 1s assumed that certain
actions to be performed by base station may, 1n some cases,
be performed by 1ts higher node (upper node). In a network
comprised of one or more network nodes with base stations,
it 1s clear that various operations that are performed to
communicate with terminals can be performed by base
stations, one or more network nodes (for example, MMEs
(Mobility Management Entities), S-GW (Serving-Gate-
ways), and so on) other than base stations, or combinations
of them.

The respective aspects/embodiments illustrated 1n this
specification may be used individually or in combinations,
or may be switched and used during execution. The order of
processes, sequences, tlowcharts and so on of the respective
aspects/embodiments described in the present specification
may be re-ordered as long as inconsistencies do not arise.
For example, although various methods have been 1llus-
trated 1n this specification with various components of steps
in exemplary orders, the specific orders that are illustrated
herein are by no means limiting.

The aspects/embodiments illustrated in this specification
may be applied to systems that use LTE (Long Term
Evolution), LTE-A (LTE-Advanced), LTE-B (LTE-Beyond),
SUPER 3G (Super 3th generation mobile communication
system), IMT-Advanced (International Mobile Telecommu-
nications-Advanced), 4G (4th generation mobile communi-

cation system), 5G (5th generation mobile communication
system), FRA (Future Radio Access), New-RAT (Radio

Access Technology), NR (New Radio), NX (New radio
access), FX (Future generation radio access), GSM (regis-

tered trademark) (Global System for Mobile communica-
tions), CDMA 2000, UMB (Ultra Mobile Broadband), IEEE

802.11 (Wi-F1 (registered trademark)), IEEE 802.16
(WiIMAX (registered trademark)), IEEE 802.20, UWB (UI-
tra-WideBand), Bluetooth (registered trademark) and other
proper radio communication methods, and/or next-genera-
tion systems that are enhanced based on them.

The phrase “based on™ as used in this specification does
not mean “based only on”, unless otherwise specified. In
other words, the phrase “based on” means both “based only
on” and “based at least on.”

Any reference to elements with designations such as
“first”, “second” and so on as used herein does not generally
limit the number/quantity or order of these elements. These
designations are used only for convenience, as a method of
distinguishing between two or more elements. In this way,
reference to the first and second elements does not imply that
only two elements may be employed, or that the first element
must precede the second element 1n some way.

The terms “qudge” and “determine” as used herein may
encompass a wide variety of actions. For example, regarding
“judging (determining)”, calculating, computing, process-
ing, deriving, investigating, looking up (for example, look-
ing up a table, a database or some other data structure),
ascertaining and so on may be considered as “qudging
(determining)”. Furthermore, regarding “qudging (determin-
ing)”, recerving (for example, receiving information), trans-
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mitting (for example, transmitting information), mputting,
outputting, accessing (for example, accessing data in a
memory) and so on may be considered as “qudging (deter-
mining)”. In addition, regarding “judging (determining)”,
resolving, selecting, choosing, establishing, comparing and
so on may be considered as “judging (determining)”. In
other words, regarding “judging (determining)’, some
actions may be considered as “qudging (determining)”.

As used herein, the terms “connected” and “coupled”, or
any variation of these terms, mean all direct or indirect
connections or coupling between two or more elements, and
may 1nclude the presence of one or more intermediate
clements between two elements that are “connected” or
“coupled” to each other. The coupling or connection
between the elements may be physical, logical or a combi-
nation of them. For example, “connection” may be replaced
as “access.” As used herein, two elements may be consid-
ered “connected” or “coupled” to each other by using one or
more electrical wires, cables and/or printed electrical con-
nections, and, as a number of non-limiting and non-inclusive
examples, by using electromagnetic energy having wave-
lengths 1n radio frequency fields, microwave regions and/or
optical (both visible and invisible) regions.

When terms such as “include”, “comprise” and variations
of them are used in this specification or 1n claims, these
terms are intended to be 1inclusive, 1n a manner similar to the
way the term “provide” 1s used. Furthermore, the term “or”
as used 1n this specification or 1n claims 1s intended to be not
an exclusive disjunction.

Although the present imvention has been described 1n
detail above, it should be obvious to a person skilled 1n the
art that the present invention 1s by no means limited to the
embodiments described herein. The present invention can be
implemented with various corrections and 1n various modi-
fications, without departing from the spirit and scope of the
present invention defined by the recitations of claims. Con-
sequently, the description herein i1s provided only for the
purpose of explaining examples, and should by no means be

construed to limit the present invention in any way.

What 1s claimed 1s:

1. A base station, comprising:

a generating unit, configured to generate sounding refer-
ence signal (SRS) configuration information for at least
two UFEs, such that an SRS of a first type of UE of the
at least two UEs 1s non-orthogonal with an SRS of a
second type of UE of the at least two UEs; and

a transmitting unit, configured to transmit the SRS con-
figuration information of the at least two UE:s,

wherein the SRS configuration information includes:
interval information indicating a comb number of the
SRS.

2. The base station of claim 1, wherein a bandwidth of the
first type of UE 1s greater than a bandwidth of the second
type of UE.

3. The base station of claim 1, wherein the comb number
indicated by the interval information of the first type of UE
1s different from the comb number indicated by the interval
information of the second type of UE.

4. The base station of claim 1, wherein when a plurality
of first type of UE are included 1n the at least two UEs, SRSs
of the respective first type of UE are orthogonal.

5. The base station of claim 1, wherein when a plurality
of second type of UE are included 1n the at least two UEs,
SRSs of the respective second type of UE are orthogonal.

6. The base station of claim 1, wherein the generating unit
generates, according to information of basic blocks, SRS
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configuration information of any one or more UEs of the at
least two UFEs, wherein the basic blocks include time-
frequency resource units.

7. The base station of claim 6, wherein the SRS configu-
ration information further includes: a length of the basis
blocks and/or the number of the basis blocks.

8. The base station of claim 6, wherein when SRSs of the
first type of UEs and the second type of UEs are all
configured according to the basic blocks, a length of a first
basis blocks for configuring the SRS of the first type of UE
1s different from a length of a second basis block for
configuring the SRS of the second type of UE; and/or, the
number of the first basic blocks 1s different from the number
of the second basic blocks.

9. The base station of claim 1, wherein the base station
turther icludes: a recerving unit, configured to receive the
SRSs of the at least two UEs; an estimating unit configured
to carry out channel estimation for the received SRSs of the
at least two UEs with a successive mterierence cancellation
method.

10. A User Equuipment (UE), comprising:

a recerving unit, configured to receive sounding reference

signal (SRS) configuration information transmitted by

a base station;

10

15

20

26

an obtaining unit, configured to obtain an SRS configu-
ration of the UE from the SRS configuration informa-

tion, wherein an SRS of the UE 1s non-orthogonal with
SRSs of other UFs: and

a transmitting unit, configured to transmit the SRS of the
UE according to the SRS configuration information,

wherein the SRS configuration information includes:

interval information indicating a comb number of the
SRS.

11. A User Equipment (UE), comprising:

a recerving unit, configured to receive sounding reference
signal (SRS) configuration information transmitted by
a base station, the SRS configuration information

including information about basic blocks included 1n an
SRS of the UE; and

a transmitting unit, configured to transmit the SRS of the
UE according to the SRS configuration information,

wherein the SRS configuration information includes:

interval information indicating a comb number of the
SRS.



	Front Page
	Drawings
	Specification
	Claims

